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Key indicators: single-crystal X-ray study; T = 293 K; mean tr(C-C) = 0.019 A; 
R factor = 0.040; wR factor = 0.075; data-to-parameter ratio = 16.3. 



The title compound, Na(C 2 H 10 N 2 )[Co(C 2 O 4 )(C 2 H 8 N 2 ) 2 ]4- 
[H 5 (P 2 W 18 06 2 ) 2 ]-14H 2 0, prepared under hydrothermal condi- 
tions, consists of two Dawson-type [P 2 W 18 0 62 ] 6 ~ anions, four 
isolated [Co(en) 2 (ox)] + cations (en = ethylenediamine and 
ox = oxalate), one Na + cation, one [H 2 en] 2+ cation, and a 
number of ordered (14) and disordered solvent water 
molecules. The [P 2 W 18 0 62 ] 6 ~ polyoxidometalate anion has 
site symmetry 1 and contains two structurally distinct types of 
W atoms: viz. six W atoms on vertical pseudo-mirror planes 
grouped in two sets of three, and 12 equatorial W atoms that 
do not lie in the pseudo-mirror planes grouped in two sets of 
six. In each [Co(en) 2 (ox)] + cation, the Co 111 ion is coordinated 
by four N atoms from two en ligands and two O atoms from 
the ox ligands, completing a distorted octahedral structure. 
The sodium cation lies on an inversion centre and additionally 
links the complex cations and anions. In the crystal, the 
various units are linked by N— H- ■ O and O— IT ■ O 
hydrogen bonds, which together with C— H- ■ O hydrogen 
bonds form a three-dimensional structure. The contribution of 
a region of disordered electron density, possibly highly 
disordered solvent water molecules, to the scattering was 
removed with the SQUEEZE option of PLATON [Spek 
(2009). Acta Cryst. D65, 148-155]. To equilibrate the charges 
five H + ions have been added to the polyoxidometalate. These 
H + ions and the disordered solvent contribution were not 
included in the reported molecular weight and density. 

Related literature 

For general background to polyoxidometalate-based mate- 
rials, see: Du et al. (2013); Dolbecq et al. (2010); Zheng & Yang 
(2012). For organic-inorganic hybrid materials constructed 



from components based on saturated polyoxidoanions and 
transition metal coordination complexes (TMCs), see: Liu et 
al. (2011); Wang et al. (2010). For related organic-inorganic 
hybrid compounds based on saturated Wells-Dawson-type 
polyoxidoanions and TMCs, and the synthesis of the POM 
precursor, Na 6 [P 2 W 18 0 62 ]-19H 2 0, see: Wang et al (2010); 
Contant (1990). 



i2+ 



H 2 N -Co* 'NH 2 

— NH 2 ^N— -J 



H 3 N NH 3 Na* [ H 5 (P 2 W, 8 0 62 )2] -14H 2 0 



Experimental 

Crystal data 

Na(C_H 10 N 2 )[Co(C 2 O 4 )- 

(C 2 H 8 N 2 ) 2 ] 4 [H 5 (P 2 W 18 0 62 ) 2 ]- 
14H 2 0 

M r = 10132.09 

Triclinic, PI 

a = 14.5999 (4) A 

b = 16.5714 (4) A 

c = 18.0165 (4) A 

a = 83.693 (2)° 

Data collection 

Oxford Diffraction multiwire 
proportional diffractometer 

Absorption correction: multi-scan 
(CrysAlis RED; Oxford 
Diffraction, 2009) 
T min = 0.158, 7/ maI = 0.375 

Refinement 

R[F 2 > 2a(F 2 )} = 0.040 
W R(F 2 ) = 0.075 
5 = 0.96 

17862 reflections 
1096 parameters 

Table 1 

Hydrogen-bond geometry (A, °). 



P = 84.586 (2)° 
y = 87.992 (2)° 
V = 4311.88 (18) A 3 
Z= 1 

Mo Ka radiation 
fi = 24.42 mm -1 
T = 293 K 

0.12 x 0.06 x 0.05 mm 



49498 measured reflections 
17862 independent reflections 
12523 reflections with / > 2a(I) 
R ml = 0.057 



12 restraints 

H-atom parameters constrained 
Ap max = 2.01 e A~ 3 
Ap mi „ = -1.98 e A~ 3 
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Data collection: CrysAlis CCD (Oxford Diffraction, 2009); cell 
refinement: CrysAlis CCD; data reduction: CrysAlis RED (Oxford 
Diffraction, 2009); program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008) 
and DIAMOND (Brandenburg, 2006); software used to prepare 
material for publication: SHELXTL. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: SU2626). 
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Ethylenediammonium sodium tetrakistbislethylenediamine-^N^NOCoxalato- 
/c 2 0 1 ,0 2 )cobalt(lll)] [pentahydrogen di(phosphatooctadecatungstate)] 
tetradecahydrate 

Shuzhuo Zhang, Jing Wang and Yun Xu 

1 . Comment 

Polyoxidometalates (POMs), as one kind of significant metal oxide cluster have been attracting extensive interests in 
fields such as catalysis, medicine, biology, electrochemistry, electrochromism and magnetism for their enormous variety 
of properties. As their controllable size, shape, oxo-riched surfaces and the high-negative charges, POM's could be used 
as multi-linking sites or templates in constructing extended POM-based materials. Polyoxidotungstates (POT's) are the 
largest POM subclass, and to date, the two most studied heteropolyoxidometalates type have been the famous Keggin and 
Wells-Dawson families, which can be represented by [P Wi 2 0 4 o] 3 " and Wells-Dawson [P 2 Wi 8 062] 6 ", respectively. In the 
past several decades, the synthetic combination of various POMs and transition metal cations or transition metal 
coordination complexes (TMCs) has been a powerful strategy and an intensive focus in POM chemistry, which leads to a 
rapidly growing class of functional organic-inorganic hybrid materials with a huge diversity of structures and realised 
applications in catalysis, photochemistry, and magnetochemistry. In this branch, a variety of organic-inorganic hybrid 
materials, constructed from components based on saturated Keggin polyoxidoanions and TMCs have been extensively 
reported. However, in contrast, the role of Wells-Dawson polyoxidoanions as the inorganic building units to construct 
such extended frameworks are much less common, the reason for which may be that the large size of these POT's 
decreases the electron density of the surface or the coordination ability of the surface oxygen atoms. In this paper, we 
report on the synthesis and crystal structure of the title organic-inorganic hybrid compound based on Wells-Dawson 
POMs and TMCs. 

The asymmetric unit of the title compound, Fig. 1, consists of one [P2W18O62] 6 " polyoxidoanion, two [Co(en) 2 (ox)] + 
coordination cations, 0.5 Na + cation, a half [H 2 en] 2+ cation and seven lattice water molecules. The [P2W18O62] 6 " cluster 
retains a classical a-Dawson-type structure, which may be described as two [a-PWAJ'" units, generated from the well 
known [a-PWi204o] 3 " anion by removal of a set of three corner-sharing W06 octahedra and fused into a cluster of virtual 
D 3h symmetry. The [P2Wi 8 0 6 2] 6 " polyoxidoanion contains only two structurally distinct types of W atoms: six polar W 
atoms on vertical mirror planes grouped in two sets of three, and twelve equatorial W atoms that do not lie on mirror 
planes grouped in two sets of six. 

There are two crystallographically independent [Co(en) 2 (ox)] + cations. The cobalt centers all exhibit a strongly distorted 
octahedral geometry, which is defined by four nitrogen atoms from two en ligands with Co-N bond lengths of 1.934 (11) 
to 1.961 (11) A and two oxygen atoms from the oxalate ligands with Co-0 bond lengths of 1.889 (9) to 1.927 (8) A. The 
sodium cation lies on an inversion centre and links the complex cations and anions. 

In the crystal, Fig. 2, the various units are linked by N-H— O and O-H— O hydrogen bonds, which together with C-H— O 
hydrogen bonds form a three-dimensional structure (Table 1). 
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2. Experimental 

The saturated POM precursor, Na 6 [P 2 Wi 8 06 2 ] 19H 2 0 (I), was prepared according to the literature procedure (Wang et al, 
2010) and identified by IR spectra. A mixture of 0.406 g of (I), Co(Cl) 2 .6H 2 0 (0.122 g), ethylenediamine (0.05 ml) and 
oxalic acid dehydrate (0.268 g) in H 2 0 (10 ml) were stirred at room temperature for 60 min and transferred into a 30 ml 
Teflon-lined autoclave. It was heated under autogenous pressure at 373 K for two days. It was then allowed to cool to 
room temperature in air. Pink block-like crystals of the title compound, suitable for X-ray diffraction analysis, were 
obtained by filtration. 

3. Refinement 

All of the hydrogen atoms were placed in calculated positions and treated as riding atoms: O-H = 0.85 A, N-H = 0.90 A, 
C-H = 0.97 A with Uiso(H) = 1.2Ueq(0/N/C). The contribution of highly disordered solvent water molecules [ca. 56 
electrons for a volume of ca. 620 A 3 ] to the scattering was removed with the SQUEEZE routine of PLATON [Spek 
(2009). Acta Cryst. D65 148-155]. To equilibrate the charges five H + ions have been added to the polyoxidometalate. 
These H + ions and the disordered solvent contribution were not included in the reported molecular weight and density. 

Computing details 

Data collection: CrysAlis CCD (Oxford Diffraction, 2009); cell refinement: CrysAlis CCD (Oxford Diffraction, 2009); 
data reduction: CrysAlis RED (Oxford Diffraction, 2009); program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 
2008) and DIAMOND (Brandenburg, 2006); software used to prepare material for publication: SHELXTL (Sheldrick, 
2008). 
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Figure 1 

A view of the molecular structure of the asymmetric unit of the title compound, with partial atom labelling. Displacement 
ellipsoids are drawn at the 50% probability level. Only half of the diprotonated [H2en] 2+ cation, situated about an 
inversion center, is shown (atoms N5 and C7). The Na + ion is also situated on an inversion center. The H atoms and water 
molecules have been omitted for clarity. 
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Figure 2 

A view of the crystal packing of the title compound. 

Ethylenediammonium sodium tetrakis[bis(ethylenediamine-*f 2 iV,iV')(oxalato-K 2 0 1 ,0 2 )cobalt(lll)] [pentahydrogen 
di(phosphatooctadecatungsten)] tetradecahydrate 



Crystal data 

Na(C 2 H 10 N 2 )[Co(C2O4) 

(C 2 H 8 N 2 ) 2 ] 4 - [H 5 (P 2 W, 8 0 62 ) 2 ] ■ 1 4H 2 0 
M r = 10132^09 
Triclinic, PI 
Hall symbol: -P 1 
a = 14.5999 (4) A 
b= 16.5714 (4) A 
c= 18.0165 (4) A 
a = 83.693 (2)° 
p= 84.586 (2)° 
y = 87.992 (2)° 

Data collection 

Multiwire proportional 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 



V= 4311.88 (18) A 3 
Z = 1 

P(000) = 4464 

D x = 3.904 Mgm 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 12336 reflections 

0= 2.8-26.5° 

H = 24.42 mm" 1 

T=293 K 

Block, pink 

0.12 x 0.06 x 0.05 mm 



phi and m scans 

Absorption correction: multi-scan 

(CrysAlis RED; Oxford Diffraction, 2009) 
7^ = 0.158,7^ = 0.375 
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49498 measured reflections 
17862 independent reflections 
12523 reflections with I > 2(7(7) 
R mt = 0.057 

Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F* > laiF 1 )] = 0.040 
wRiF 2 ) = 0.075 
5=0.96 

17862 reflections 
1096 parameters 
12 restraints 

Primary atom site location: structure-invariant 
direct methods 



ftnax — 26.5°, 6 m i n — 2.8° 

/j = -18->16 
k= -20^20 
/ = -22-»16 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w= l/[a 2 (F 2 ) + (0.0182P) 2 ] 

where P = (F 2 + 2F 2 )I?> 

(A/o)max = 0.001 

A/w = 2.01 e A" 3 
Ap mm = -1.98eA- 3 



Special details 

Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are 
estimated from the variances of the (full) variance-covariance matrix. The cell esds are taken into account in the 
estimation of distances, angles and torsion angles 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , 
conventional R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is 
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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m o / 1 i \ 

lil.o (11) 


(J34 — Pz — O50 — W 1 


£A O SC\ 

64.3 (5) 


029- 


-Wl 1—028- 


w? 

- W Z 


1 TO A (1\ 

— 1 /o.9 (3) 


U65 — Pz — U34 — W / 


CO Ci /c\ 

— j8.9 (5) 


046— Wl 1—028- 


w? 

- W Z 


OA /I ZO\ 

-89.4 (3) 


r\"> a ni /- ii7/i 

034 — Pz — U36 — W4 


-64.6 (5) 




W1 1 C\1SL 


P1 
-\ 1 


128.4 (5) 


Co2 — 06 1 — C 1 — 064 


1TO 1 /11\ 

-178.3 (11) 


D9Q 


— VV 1 1 \J J J — 


Wl 1 

- W Ij 


-26.3 (11) 


Coz — U6 1 — L 1 — Cz 


1 A / 1 1\ 

—1.0 (13) 


\JJJ- 


wi i n?8 


P1 

-\ 1 


-47.1 (5) 


Coz — U6z — Cz — C 1 


-4.0 (13) 


vJOU- 


Wl 1 H9zL 
— W 1 1 — KJAH — 


w? 
- w Z 


176.5 (4) 


Coz — U6z — Cz — 063 


175.1 (11) 




W1 1 Cll A 

— W 1 1 KJZ.H — 


W9 

- wz 


77.0 (5) 


P 1 /~\ 1 A A /" " 1 O /~\ 1 A") 

Co 1 — 0 1 00 — C 1 3 — 0 1 03 


1 T C f / 1 A\ 

175.6 (10) 




-Wll— 028- 


P1 

-\ 1 


1 1 A A /C\ 

-139.0 (5) 


Col — O100 — C13 — C14 


O A / 1 1\ 

-2.9 (12) 


028- 


-Wll— 055- 


- W YD 


rp 1 /in 

5s. 1 (11) 


Col — O101 — C14 — O102 


— 1 / /.I (11) 


055- 


-Wll— 028- 


Wll 

- w z 


95.1 (3) 


Col — 0101 — C14 — C13 


0.5 (13) 


048- 


-W12— 065- 


P9 
-|Z 


37.4 (5) 


Co2 — N 1 — C4 — C3 


") T O /1 T\ 

-37.8 (13) 


030- 


-W12— 033- 


Wlf* 
-wo 


Of A /C\ 

-85.9 (5) 


Co2 — N2 — C3 — C4 


oa 1 /n\ 

-29.1 (13) 


048- 


-W12— 033- 


Wlf* 
-wo 


13.4 (11) 


Co2 — N3 — C5 — C6 


36.7 (12) 


033- 


-W12— 065- 


-wo 


3.1 (3) 


Co2 — N4 — C6 — C5 


42.1 (13) 


032- 


-W12— 033- 


Wlfi 
-wo 


1 tt t /c \ 

177.7 (5) 


Col — N7 — C9 — CIO 


O T A / 1 0\ 

37.0 (12) 


065- 


-W12— 033- 


WA 
-wo 


a t f a\ 

-4.7 (4) 


Col — N8 — CIO — C9 


O O 1 / 1 1 \ 

38.1 (11) 


032- 


-W12— 048- 


Wl f. 

- V V io 


1 tj n /i a\ 
lz /.9 (10) 


Col — JN9 — Cll — C12 


—32.5 (12) 


030- 


-W12— 065- 


T>1 
-|Z 


-48.4 (5) 


Col — N10 — Cl2 — Cll 


-45.3 (11) 


031- 


-W12— 065- 


Wlfk 

-wo 


OA A /"?\ 

-89.4 (3) 


(J6 1 — C 1 — Cz — U6z 


O /I / 1 /T\ 

3.4 (16) 


033- 


-W12— 065- 


P9 
—± z 


-139.3 (5) 


U64 — C 1 — Cz — (J6z 


1 TA O /1 0\ 

-179.3 (12) 


030- 


-W12— 065- 


Wlfk 

-wo 


A'? a n\ 

93.9 (3) 


064 — CI — C2 — 063 


o /o\ 

2 (2) 


065- 


-W12— 030- 


W7 
- W / 


C H *7 / 1 A\ 

56.7 (10) 


061 — CI — C2 — 063 


1TC O /10\ 

—175.8 (12) 


031- 


-W12— 033- 


-W6 


TO C /C\ 

78.5 (5) 


XT'") /"") /~i <1 XT1 

Nz — C3 — C4 — N 1 


A O O / 1 C\ 

43.2 (15) 


065- 


-W12— 048- 


-W16 


-49.3 (10) 


N3 — C5 — C6 — N4 


C A O /1 /I \ 

50.8 (14) 


033- 


-W12— 030- 


-W7 


129.8 (10) 


~\m /" v~» ai a xto 
JN / — C9 — CIO — JNo 


— 4o.o (1 j) 


048- 


-W12— 065- 


-W6 


1 O \ 

179.8 (3) 


N9 — Cll — C12 — N10 


50.9 (13) 


031- 


-W12— 048- 


-W16 




v.v i ww — v i j — i h — yj i w i 




030- 


-W12— 048- 


-W16 


JZi.Z. 1 1UI 


n 1 03 C 1 3 C 1 4 0 1 09 




033- 


-W12— 048- 


-W16 


-40.9(16) 


0 1 00— C 1 3— C 1 4—0 1 02 


179.4(11) 


032- 


-W12— 030- 


-W7 


-131.2(10) 


0103— C13— C14— 0101 


-176.9(12) 


048- 


-W12— 030— W7 


-28.6(10) 


N5— C7— C7'— N5 1 


180.0(10) 


031- 


-W 12— 065- 


-P2 


128.2 (5) 






Symmetry code: (i) -x+2. 


,-y+l, -z+2. 
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Hydrogen-bond geometry (A, ") 



D—R-A 


D — H 


R-A 


D-A 


D—R-A 


N2— H2^-O100 il 


0.90 


2.59 


3.314(14) 


138 


N2— H2^-O103 i ' 


0.90 


2.07 


2.940 (14) 


163 


N2— H25-038 


0.90 


2.26 


3.115 (13) 


157 


02W—R2WA-05T" 


0.85 


2.44 


2.919(17) 


117 


N3— H3C-O103 il 


0.90 


2.48 


2.994 (14) 


117 


02W— R2WB-06W 


0.85 


2.04 


2.86 (3) 


162 


N4— U4D-01W 


0.90 


2.06 


2.939 (18) 


167 


03W—R3WA-OW2" 


0.85 


2.16 


3.000 (18) 


172 


OAW—mWA-012" 


0.85 


2.14 


2.983 (18) 


173 


W—R1D-05W 


0.90 


2.11 


3.010(17) 


176 


04W—R4WB-042 


0.85 


2.05 


2.891 (16) 


173 


N5— H&4-O102 


0.89 


1.86 


2.740(15) 


170 


N5— H8 J S-045 i " 


0.89 


2.23 


3.076 (13) 


158 


N5— H85-057 1 " 


0.89 


2.54 


3.166(14) 


128 


N5— H8C-02^ 


0.89 


2.05 


2.881 (17) 


155 


N8— H8E-07W 


0.90 


2.23 


3.07 (2) 


154 


m—mc-063" 


0.90 


2.12 


3.023 (13) 


175 


N9— H9D-049 iil 


0.90 


2.20 


3.088 (13) 


170 


C3— H3^-029 


0.97 


2.49 


3.417(17) 


160 


C4— H4SO10 


0.97 


2.47 


3.396 (18) 


160 


Cll— H1U-033" 1 


0.97 


2.52 


3.376 (17) 


147 


C12— H12^-025"' 


0.97 


2.51 


3.297 (16) 


139 



Symmetry codes: (ii) — ac+1, ~y+2, -z+1; (iii) -x+l, -y+l, -z+1; (iv) -x, -y+l, -2+1. 
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